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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to U.S.
provisional application Serial No. 62/637,777, filed on
March 2, 2018.

FIELD OF THE INVENTION

[0002] The presentinvention relates to capacitors, and
more particularly to an improved termination-pad serving
as an external connection to a capacitor.

BACKGROUND OF THE INVENTION

[0003] Capacitors of the type that are used to power
implantable medical device such as cardiac defibrillators
are typically housed in casings formed of titanium. Device
manufacturers generally prefer to connect a capacitor to
circuits inside the medical device using a nickel termina-
tion-pad that in turn is electrically connected to the tita-
nium casing. However, nickel does not readily connect
to titanium, even when using a laser weld. It is not un-
common for intermetallics to form at the interface of the
two metals, and intermetallics are characterized by brit-
tleness, which is undesirable when a strong and robust
weld is needed.

[0004] Therefore, there is a need to provide a nickel
termination-pad for connecting an implantable capacitor
to the device electronics as desired by medical device
manufacturers while retaining titanium as a preferred
casing material. An improved connection between the
titanium casing and the nickel termination-pad is needed.

SUMMARY OF THE INVENTION

[0005] Aspects and embodiments of the invention are
set out in the appended claims.

[0006] These and other aspects of the present inven-
tion will become more apparent to those skilled in the art
by reference to the following detailed description and to
the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

FIG. 1 is a perspective view of a capacitor 10 ac-
cording to the present disclosure, but without the
cathode terminal assembly shown in FIGs. 6A to 6C
and the anode termination-pad 72 shown in FIGs.
7A to 7D.

FIG. 2 is a partial cross-sectional view taken along
line 2-2 of the capacitor 10 illustrated in FIG. 2.
FIG. 3 is an elevational end view of the capacitor 10
shown in FIG. 1.

FIG. 4 is a side elevational view of the anode 12 for
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capacitor 10 with the anode including an anode lead
46 extending through a glass-to-metal-seal 48.
FIG. 5is an enlarged view of the portion indicated in
FIG. 4 showing an embedded anode wire 44 extend-
ing outwardly from the anode 12 and being connect-
ed to the anode lead 46 extending through the glass-
to-metal-seal 48.

FIG. 6A is a plan view of a cathode terminal pad
assembly 62 according to the present disclosure.
FIG. 6B is a side elevation view of the cathode ter-
minal pad assembly 62 shown in FIG. 6A.

FIG. 6C is a perspective view of the cathode terminal
pad assembly 62 shown in FIGs. 6A and 6B.

FIG. 7Ais a perspective view of the cathode terminal
pad assembly 62 shown in FIGs. 6A to 6C and an
anode termination-pad 72 for the anode lead 46.
FIGs. 7B and 7C illustrate a plan view and a side
elevational view, respectively, of the cathode termi-
nal pad assembly 62 shown in FIGs. 6A to 6C and
the anode termination-pad 72/anode lead 46 shown
in FIG. 7A.

FIG. 7D is a cross-sectional view taken along line
7D-7D of FIG. 7A.

FIG. 8 is a side elevational view of an alternate em-
bodiment of a cathode terminal assembly 80 accord-
ing to the present disclosure.

FIG. 9 is a side elevational view of an alternate em-
bodiment of nickel clad termination-pad 90 accord-
ing to the present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0008] Disclosed is a nickel termination-pad that is
clad-bonded to a titanium base layer. The clad connec-
tion of the nickel termination-pad to the titanium base
layer is both robust and provides good electrical conduc-
tivity between the dissimilar metals. According to the
present disclosure, a titanium casing tab for a cathode
lead assembly is welded to the titanium casing and the
titanium base layer of the termination-pad is welded to
the casing tab. That way, the weld connections for the
present capacitor are between similar metals. This helps
ensure that the welds maintain their structural integrity
and electrically conductivity for extended periods of time
as needed in implantable medical devices.

[0009] Referringnow tothe drawings, FIGs. 1to 3 show
an exemplary capacitor 10 according to the present dis-
closure. The capacitor 10 comprises an anode 12 of an
anode active material and a cathode 14 of a cathode
active material housed inside a hermetically sealed cas-
ing 16. The capacitor electrodes are prevented from di-
rect physical contact with each other by a separator 18
that envelopes the anode 12. A working electrolyte (not
shown) contained inside the casing 16 contacts the an-
ode 12 and cathode 14. The capacitor 10 is of an elec-
trolytic type with the cathode 14 comprising a conductive
material having capacitive properties.
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[0010] The casing 16 is of a metal material comprising
firstand second drawn clamshell-type casing portions 20
and 22. The casing portions 20, 22 are preferably select-
ed from the group consisting of titanium, tantalum, nickel,
molybdenum, niobium, cobalt, stainless steel, tungsten,
platinum, palladium, silver, copper, chromium, vanadi-
um, aluminum, zirconium, hafnium, zinc, iron, and mix-
tures and alloys thereof. In addition to being of a drawn
form, the clamshell-type casing portions 20, 22 can be
of a machined construction or be formed by a metal in-
jection molding process. Preferably, the casing portions
have a thickness of about 0.001 inches to about 0.015
inches.

[0011] The first clamshell-type casing portion 20 com-
prises a surrounding sidewall 24 extending to and meet-
ing with a major face wall 26 at a curved intermediate
bend 28. Opposite bend 28, the surrounding sidewall 24
extends to a continuous, perimeter edge 30. Similarly,
the second clamshell-type casing portion 22 comprises
a surrounding sidewall 32 extending to and meeting with
a major face wall 34 at a curved intermediate bend 36.
Opposite bend 36, the surrounding sidewall 32 extends
to a continuous perimeter edge 38. However, face wall
26 is somewhat smaller than face wall 34 so that its sur-
rounding sidewall 24 fits inside the surrounding sidewall
32 of the second casing portion 22 in an overlapping,
contact relationship. That way, casing 16 is hermetically
sealed by providing a weld 40 at the surrounding sidewall
24 of the first casing portion 20 and the edge 38 of the
second casing portion 22.

[0012] Other casing structures that are useful with the
present disclosure are described in U.S. Patent Nos.
7,012,799 to Muffoletto et al., 7,092,242 to Gloss et al.,
7,271,994 to Stemen et al., 9,978,528 to Hahl et al.,
9,721,730 to Muffoletto et al., 9,824,829 to Muffoletto et
al., 9,875,855 to Perez et al. and 10,020,127 to Muffo-
letto, all of which are assigned to the assignee of the
presentdisclosure and incorporated herein by reference.
[0013] The anode 12 is of an active metal that is typi-
cally selected from the group consisting of tantalum, alu-
minum, titanium, niobium, zirconium, hafnium, tungsten,
molybdenum, vanadium, silicon, germanium, and mix-
tures thereof. As is well known by those skilled in the art,
the anode metal in powdered form, for example tantalum
powder, is compressed into a pellet of a desired shape.
In the illustrated embodiment, the anode pellet is of a
substantially uniform thickness between spaced apart
right and left major sidewalls 12A, 12B joined by an end
wall 12C. The major sidewalls 12A, 12B meet the inter-
mediate wall 12C at respective curved edges 12D, 12E.
The curved edges 12D, 12E are of a substantially similar
radius as that of the casing bends 28, 36, respectively.

[0014] The cathode active material 14 preferably coats
the inner surfaces of the major face walls 26, 34 of the
respective casing portions 20, 22 in a pattern that gen-
erally mirrors the shape of the right and left major side-
walls 12A, 12B of the anode 12. The cathode active ma-
terial 14 preferably has a thickness of about a few hun-
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dred Angstroms to about 0.1 millimeters and is either
directly coated on the inner surfaces of the face walls 26,
34 or it is coated on a conductive substrate (not shown)
supported on and in electrical contact with the inner sur-
faces thereof. The cathode material coatings are prefer-
ably spaced from the surrounding sidewalls 24, 32 of the
respective casing portions 20, 22.

[0015] In that respect, the major face walls 26, 34 of
the casing portions 20, 22 may be of an anodized-etched
conductive material, have a sintered active material with
or without oxide contacted thereto, be contacted with a
double layer capacitive material, for example a finely di-
vided carbonaceous material such as graphite, carbon,
platinum black, a redox, pseudocapacitive, or an under
potential material, or be an electroactive conducting pol-
ymer such as polyaniline, polypyrrole, polythiophene,
polyacetylene, and mixtures thereof.

[0016] According to one preferred aspect of the
present disclosure, the redox or cathode active material
14 includes an oxide of a metal, a nitride of the metal, a
carbon nitride of the metal, and/or a carbide of the metal,
the oxide, nitride, carbon nitride and carbide having pseu-
docapacitive properties. The metal is preferably selected
from the group consisting of ruthenium, cobalt, manga-
nese, molybdenum, tungsten, tantalum, iron, niobium,
iridium, titanium, zirconium, hafnium, rhodium, vanadi-
um, osmium, palladium, platinum, nickel, and lead. In a
preferred embodiment of the present disclosure, the
cathode active material 14 includes an oxide of ruthenium
or oxides of ruthenium and tantalum.

[0017] A pad printing process as described in U.S. Pat-
ent No. 7,116,547 to Seitz et al. is preferred for providing
such a coating. An ultrasonically generated aerosol as
described in U.S. Pat. Nos. 5,894,403, 5,920,455,
6,224,985, and 6,468,605, all to Shah et al., is also a
suitable deposition method. These patents are assigned
to the assignee of the present disclosure and incorporat-
ed herein by reference.

[0018] AsshowninFIGs. 4 and 5, the anode 12 further
comprises a notch 42 from which an embedded anode
wire 44 extends. The anode wire 44 is preferably of the
same material as the anode active material. The anode
pellet is sintered under a vacuum at high temperatures
andthen anodized in a suitable electrolyte. The anodizing
electrolyte fills the pores of the pressed powder body and
a continuous dielectric oxide is formed thereon. In that
manner, the anode 12 and extending wire 44 are provided
with a dielectric oxide layer that is formed to a desired
working voltage.

[0019] After the anode 12 and extending wire 44 are
anodized to the desired formation voltage, the anode wire
44 is subsequently connected to an anode lead 46 sup-
ported in an insulative glass-to-metal seal 48 (GTMS).
The glass-to-metal seal 48 comprises a ferrule 50 defin-
ing an internal cylindrical through bore or passage of con-
stant inside diameter. An insulative glass 52 provides a
hermetic seal between the ferrule bore and the anode
lead 46 passing there through. The glass 52 is, for ex-
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ample, ELAN® type 88 or MANSOL™ type 88. Anode
lead 46 has a J-shaped proximal portion 46A that is con-
nected to a distal portion 44A of the anode wire 44. Laser
welding secures the distal portion 44A of the anode wire
44 to the J-shaped proximal portion 46A of the anode
lead 46.

[0020] The separator 18 (FIG. 2) is of electrically insu-
lative material in the shape of a bag that, except for the
extending anode wire 44, surrounds and envelops the
anode 12. The separator 18 prevents an internal electri-
cal short circuit between the anode 12 and cathode active
materials 14 in the assembled capacitorand has adegree
of porosity sufficient to allow flow there through of the
working electrolyte during the electrochemical reaction
of the capacitor 10. lllustrative separator materials in-
clude woven and non-woven fabrics of polyolefinic fibers
including polypropylene and polyethylene or fluoropoly-
meric fibers including polyvinylidene fluoride, poly-
tetrafluoroethylene, and polyethylenechlorotrifluoroeth-
ylene laminated or superposed with a polyolefinic or fluor-
opolymeric microporous film, non-woven glass, glass fib-
er materials and ceramic materials. Additional separator
materials may include films of poly sulfone and polyester,
for example, polyethylene terephthalate. Suitable micro-
porous films include a polyethylene membrane commer-
cially available under the designation SOLUPOR® (DMS
Solutech), a polytetrafluoroethylene membrane com-
mercially available under the designation ZITEX®
(Chemplast Inc.) or EXCELLEPATOR® (W. L. Gore and
Associates), a polypropylene membrane commercially
available under the designation CELGARD® (Celanese
Plastic Company, Inc.), and a membrane commercially
available under the designation DEXIGLAS® (C. H. Dex-
ter, Div., Dexter Corp.). Cellulose based separators are
also useful. Depending on the electrolyte used, the sep-
arator 18 can be treated to improve its wettability, as is
well known by those skilled in the art.

[0021] A preferred separator 18 comprises a non-wo-
ven layer of polyethylene or polypropylene, a micropo-
rous layer of polyethylene or polypropylene, and, possi-
bly a third layer of polyethylene or polypropylene, which
is also non-woven. The preferred separator 18 has a
melting temperature of about 140°C. and must be pro-
tected from the heat generated when the edge 38 of cas-
ing portion 22 is secured to the surrounding sidewall 24
of casing portion 20 by weld 40. The other separator ma-
terials described above likewise have relatively low melt-
ing temperatures in comparison to the heat generated
by the welding operation used to secure the casing por-
tions 20, 22 together. This is even when the temperature
is measured at the separator portion covering the anode
end wall 12C.

[0022] Afterthe cathode active material 14 is contacted
to the inner surfaces of the major face walls 26, 34 of the
clamshell-type casing portions 20, 22, the anode 12 en-
veloped inthe separator 18 is nestedin the smaller casing
portion 20 with a distal step of the GTMS 48 received in
an opening 54 (FIG. 3) in the casing sidewall 24 in a tight-
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fitting relationship. The ferrule 50 is then secured to the
surrounding sidewall 24 by a laser weld. In the final ca-
pacitor assembly, the GTMS 48 electrically insulates the
anode lead 46 electrically connected to the anode wire
44 from the metal casing 16. In that manner, the anode
lead 46 extending from inside the casing to outside there-
of and being electrically insulated from the casing 16 by
the GTMS 48 serves as the positive terminal for the ca-
pacitor 10.

[0023] As shownin FIG. 2, a weld strap 56 is provided
directly adjacent to the surrounding sidewall 24 of casing
portion 20. The weld strap 56 is an annular, ring-shaped
member surrounding the anode end wall 12C and is typ-
ically of the same metal as that of the casing portions 20,
22. An intermediate polymeric insulating ring 58 seats
against the weld strap 56 and the separator 18 portion
covering the anode end wall 12C. The weld strap 56 in
conjunction with the insulating ring 58 help shield the
separator 18 at the anode end wall 12C from the heat
generated as the casing portions 20, 22 are welded to-
gether. A polymeric material 60 encases the GTMS 48
including the anode wire 44 connected to the anode lead
46. This helps stabilize these components from move-
ment should the capacitor be subjected to rough han-
dling, and the like.

[0024] A working electrolyte (not shown) is then pro-
vided in the capacitor through an opening in one of the
casing portions 20, 22. The working electrolyte thorough-
ly wets the anode 12 including the enveloping separator
18 and the cathode active materials 14 to provide the
capacitor 10 in a functional state. A suitable working elec-
trolyte for the capacitor 10 is described in U.S. Patent
No. 6,219,222 to Shah et al., which includes a mixed
solvent of water and ethylene glycol having an ammoni-
um salt dissolved therein. U.S. Pub. No. 2003/0090857
and U.S. PatentNo. 6,687,117, bothtoLiu etal., describe
other working electrolytes that are suitable for use with
the present capacitors. The working electrolyte of the
former publication comprises water, a water-soluble in-
organic and/or organic acid and/or salt, and a water-sol-
uble nitro-aromatic compound while the latter publication
relates to aworking electrolyte comprising de-ionized wa-
ter, an organic solvent, isobutyric acid and a concentrat-
ed ammonium salt. The '222 patent, the ‘857 publication
and the '117 patent are assigned to the assignee of the
presentdisclosure and incorporated herein by reference.
A closure member (not shown) is hermetically welded in
the electrolyte fill opening to seal the casing 16.

[0025] The casing 16 comprising the mating clamshell-
type portions 20, 22 being of a conductive metal serves
as the cathode or negative terminal for the capacitor 10.
FIGs. 6A to 6C illustrate a cathode terminal assembly 62
that is electrically supported by the casing 16 as a con-
venient structure for connecting to the negative terminal.
The cathode terminal assembly 62 comprises a casing
tab 64 supporting a termination-pad subassembly 66.
The casingtab 64 has alower surface 64A which contacts
the casing 16 and is spaced from an upper surface 64B
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by an intermediate edge 64C. The casing tab 64 is a
generally rectangular-shaped member defined by op-
posed firstand second long sides 64D and 64E extending
to and meeting with third and fourth relatively shorth sides
64F and 64G. The long sides 64D, 64E and shorth sides
64F, 64G meet at included curved edges.

[0026] It is within the scope of the present disclosure
that the cathode tab 64 need not be rectangular but can
have a myriad of different shapes dictated by the form
factor of the capacitor on which it is to be mounted. Pref-
erably, the long sides 64D, 64E of the casing tab align
with the length of the overlapping surrounding edges 24,
32 of the clamshell-type casing portions 20, 22. This ori-
entation provides the capacitor 10 with a relatively thin
form factor suitable for powering an implantable medical
device, such as a cardiac defibrillator.

[0027] Casingtab 64 supports the termination-pad su-
bassembly 66 spaced from the casing 16. The termina-
tion-pad subassembly 66 is of a clad construction com-
prising a base layer 68 that is clad-bonded to a termina-
tion-padlayer 70 ata bond interface 71. While the various
figures show the base layer 68 contacting the termina-
tion-pad layer 70 at a lower surface thereof spaced from
an upper surface where the device manufacturer will later
connect circuits to the termination-pad layer, it is within
the scope of the present disclosure that the base layer
can also be clad-bonded along the edge of the termina-
tion-pad layer 70. All that is needed is that the upper
surface of the termination-pad layer 70 remain unob-
structed for ease of later connection to the device circuits.
[0028] Cladding is defined as the bonding together of
dissimilar metals, and is often achieved by extruding two
metals through a die or by pressing or rolling sheets of
dissimilar metals together under high pressure. Suitable
cladding techniques include roll bonding, explosive weld-
ing, and laser cladding.

[0029] Inroll bonding, layers of different metals, for ex-
ample titanium and nickel, are cleaned and passed
through a pair of rollers under sufficient pressure to bond
the layers. The pressure is high enough to deform the
metals and reduce the combined thickness of the clad
materials. If desired, heat may be applied.

[0030] Inexplosive welding, bond pressure is provided
by detonation of a sheet of chemical explosive and no
heat-affected zone is produced in the bond between the
metals.

[0031] Laser cladding is a method where a powdered
or wire feedstock of nickel is melted and consolidated by
use of a laser to coat the lower surface of the base layer
68.

[0032] The base layer 68 termination-pad subassem-
bly 66 is desirably of the same material as the casing tab
64 which in turn is of the same material as the casing
portions 20, 22. Titanium is a commonly used material
for the casing portions 20, 22 as it is well known for its
biocompatibility and as a material that can be formed
such as by drawing, and the like, into shapes that are
typical for capacitors that are intended to power implant-
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able medical devices. However, it is within the scope of
the present disclosure that the casing tab 64 and base
layer 68 can be constructed of any of the previously enu-
merated materials that are suitable for the casing portions
20, 22.

[0033] Inthat respect, when the casing portions 20, 22
are of titanium, it is desirable for the casing tab 64 and
the base layer 68 to also be of titanium. However, device
manufactures typically prefer nickel as a bond-pad or ter-
mination-pad material to which they will electrically con-
nect circuits inside the medical device that the capacitor
is intended to power. Itis recognized that welding a nickel
termination-pad to a titanium casing tab can create aweld
that is brittle and susceptible to cracking due to the mor-
phology of the dissimilar metals. The present disclosure
improves this connection structure by clad-bonding the
titanium base layer 68 to the nickel termination-pad layer
70 of the termination-pad subassembly 66. This termi-
nation-pad subassembly 66 is then readily connectible
to the titanium casing tab 64 by various welding tech-
niques. One preferred method is by resistance welding.
As indicated by arrows 69 in FIG. 6B, resistance welding
is from the casing tab 64 and the termination-pad layer
70 toward the intermediate base layer 68.

[0034] Figure 8illustrates an alternate embodiment for
a cathode terminal assembly 80 according to the present
disclosure. In a similar manner as with the previously
described cathode terminal assembly 62, assembly 80
comprises a titanium casing tab 82 supporting a titanium
base layer 84 that is clad-bonded to a nickel termination-
pad layer 86. Whereas the cathode terminal assembly
62 was resistance welded to the casing portion 22, cath-
ode terminal assembly 80 has the base layer 84 electri-
cally connected to the casing portion 22 by a weld 88,
for example a laser weld. This construction provides a
direct line-of-sight perspective for seeing the weld as it
is being formed. The previously described resistance
weld does not have this line-of-sight attribute.

[0035] Figure 7C illustrates the cathode terminal as-
sembly 62 comprising the casing tab 64 mounted to the
casing 16 in an electrically conductive connection and
with the previously described titanium base layer 68 clad-
bonded to the nickel termination-pad 70 being supported
on the casing tab 64. The previously described anode
lead 46 is provided with an anode termination-pad 72,
which is preferably made of nickel. The anode termina-
tion-pad 72 is provided with an opening 74 that receives
the anode lead 46. A weld 76 (FIG. 7B) connects the
tantalum anode lead 46 to the nickel anode termination-
pad 72. Since the casing 16 is of a negative polarity, the
anode termination-pad 72 is spaced from the casing 16
by a suitable distance that ensures electrical isolation
between the casing and the anode termination-pad.
[0036] Then, with the cathode terminal assembly 62
electrically connected to the casing 16 serving as the
negative terminal and the anode termination-pad 72 con-
nected to the anode lead 46 spaced from the casing serv-
ing as the positive terminal for the capacitor 10, this op-
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posite polarity terminal assembly is partially encased in
an insulating polymeric material 78. Polyoxymethylene
(POM), also known as acetal, polyacetal, and polyfor-
maldehyde, is a suitable polymeric material for this pur-
pose.

[0037] Figure 9 illustrates an alternate embodiment of
a clad termination-pad subassembly 90 according to the
present disclosure. Termination-pad subassembly 90
comprises a titanium base layer 92 that is clad bonded
to a nickel termination-pad 94. However, the base layer
92 is provided with a curved protrusion 92A, preferably
centered, that extends outwardly opposite the nickel ter-
mination-pad 94. The protrusion 92A is received in a mat-
ing indentation 96 in the casing tab 64, 82 of the respec-
tive cathode terminal assemblies 62, 80. This structure
provides for centering the nickel clad termination-pad
with the casing tab 64, 82.

[0038] Thus, various embodiments for providing a
nickel termination-pad as a negative or cathode terminal
for a capacitor are described. As an improvement over
the convention method of welding a nickel termination-
pad to a titanium casing tab, and the drawbacks inherent
in fusing those dissimilar metals together, the present
disclosure describes a nickel termination-pad thatis clad-
bonded to a titanium base layer. The clad connection is
both robust and provides good electrical conductivity be-
tween the dissimilar metals. Otherwise, the weld connec-
tions for the cathode or negative terminal are between
similar metals, which do not create undesirable interme-
tallics. That is, the titanium base layer of the termination-
pad subassembly is welded to the titanium casing tab
and the casing tab 64 is welded to the titanium casing.
[0039] It is appreciated that various modifications to
the present inventive embodiments described herein
may be apparentto those of ordinary skill in the art without
departing from the scope of the present invention as de-
fined by the herein appended claims.

Claims
1. A capacitor, which comprises:

a) a casing comprising a first casing portion her-
metically sealed to a second casing portion;

b) a cathode active material electrically contact-
ed to the casing serving as a cathode terminal;
c) a cathode terminal assembly electrically con-
nected to the casing, wherein the cathode ter-
minal assembly comprises a casing tab contact-
ed to an outer surface of the casing and a nickel
termination-pad supported by the casing tab op-
posite the casing;

d) an anode active material housed inside the
casing, wherein an anode lead wire extending
from the anode active material is electrically iso-
lated from the cathode terminal by a glass-to-
metal seal supported by the casing, wherein the
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anode lead wire serving as an anode terminal
is electrically connected to an anode termina-
tion-pad spaced from the casing;

e) a separator disposed between the cathode
and anode active materials to prevent them from
directly contacting each other; and

f) a working electrolyte provided in the casing in
contact with the cathode and anode active ma-
terials.

The capacitor of claim 1, wherein the casing and the
casing tab are both made of titanium.

The capacitor of claim 1 or 2, wherein the nickel ter-
mination-pad comprises a titanium base layer.

The capacitor of claim 3, wherein the nickel termi-
nation-pad is clad-bonded to the titanium base layer.

The capacitor of any of claims 1 to 4, the cathode
terminal assembly electrically connected to the cas-
ing and the anode termination-pad electrically con-
nected to the anode lead wire and spaced from the
casing reside side-by-side outside the casing.

The capacitor of any of claims 1 to 5, wherein the
anode termination-pad is prevented from contacting
the casing by a polymeric material residing between
the anode termination-pad and the casing.

The capacitor of any of claims 1 to 6, wherein the
side-by-side cathode terminal assembly and the an-
ode termination-pad are contacted by a polymeric
material.

The capacitor of any of claims 1 to 7, wherein the
casing comprises:

a) a first casing member having a first surround-
ing side wall extending to and meeting with a
first continuous major face wall; and

b) a second casing member having a second
surrounding side wall extending to and meeting
with a second continuous major face wall,

c) wherein the first casing member and the sec-
ond casing member are of a metallic material
and are mateable to each other so that in the
mated relationship, a first outer edge of the first
surrounding side wall faces the second major
face wall and a second outer edge of the second
surrounding side wall faces the first major face
wall with atleast a portion of the first surrounding
side wall in an overlapping, direct contact rela-
tionship with at least a portion of the second sur-
rounding side wall to form a seam for sealing
the first and second casing members together,
thereby enabling the casing to house the anode,
the cathode and the working electrolyte con-
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tained therein.

The capacitor of any of claims 1 to 8, wherein the
cathode active material is contacted to the casing by
either a pad printing process or as an ultrasonically
deposited spray.

The capacitor of any claims 1 to 9, wherein:

a) the cathode active material is selected from
the group consisting of ruthenium, cobalt, man-
ganese, molybdenum, tungsten, tantalum, iron,
niobium, iridium, titanium, zirconium, hafnium,
rhodium, vanadium, osmium, palladium, plati-
num, nickel, lead, gold, silver, cobalt, and mix-
tures thereof, and

b) the anode active material is selected from the
group consisting of tantalum, aluminum, titani-
um, niobium, zirconium, hafnium, tungsten, mo-
lybdenum, vanadium, silicon, germanium, and
mixtures thereof.

The capacitor of any of claims 3 to 10, wherein the
titanium base layer has a curved protrusion extend-
ing outwardly therefrom opposite the nickel termina-
tion-pad, and wherein the curved protrusion is re-
ceived in a mating indentation in the casing tab con-
tacted to the casing.
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